M
any studies in the past decade have demonstrated diurnal variation in the onset of acute cardiovascular disorders in hypertensive patients, such as acute coronary syndrome, and ischemic and hemorrhagic stroke occurring in the morning (6:00 AM to noon), after a nadir in these events during the night. 1 Blood pressure (BP) falls during the night because of the reduction of sympathetic activity that is brought about by sleep and then increases steeply when in the morning the subject awakes and resumes his/her daily activities. 2 This increase occurs together with a peak incidence of cerebral and cardiac events in the morning hours. 3 Moreover, a recent prospective study suggests that higher morning BP surge (MBPS) might be an independent risk factor of atherosclerotic events beyond ambulatory BP and nocturnal BP falls. 4 The molecular mechanisms associating MBPS peak and vulnerable atherosclerotic plaque are not clear, although inflammation, which plays a central role in the cascade of events that result in plaque erosion and fissuring, also were related to MBPS. 5 There is emerging evidence that the ubiquitin-proteasome system (UPS), the major pathway for nonlysosomal intracellular protein degradation in eukaryotic cells, induces inflammation in both the initial stage and progression of atherosclerosis. 6 Moreover, the ubiquitin-proteasome pathway is required for activation of nuclear factor B (NF-B), a central transcription factor that regulates inflammatory genes, by degradation of its inhibitory inhibitor kB (IkB) proteins. 7 Although it has been demonstrated that the ubiquitin-proteasome pathway has a crucial role in the pathogenesis of cardiovascular diseases, 8, 9 still no evidence exists about the potential role of UPS in the evolution of atherosclerotic plaques of hypertensive patients with MBPS peak.
This study was designed to identify differences in inflammatory infiltration, as well as ubiquitin-proteasome activity, between asymptomatic carotid plaques of hypertensive patients with different patterns of morning BP increase. Moreover, because the upregulation of oxidative stress may activate the UPS, 10 the localization of nitrotyrosine, a modified amino acid produced by reactive O 2 , 11 in atherosclerotic lesions was measured quantitatively.
Methods

Study Population
Hypertensive patients were recruited from the outpatient department for hypertension of the teaching hospital at the Second University of Naples from January 1998 to June 2005. The sample size for the planed study was estimated in 60 patients (32 hypertensive patients without MBPS [MPϪ] and 28 hypertensive patients with MBPS [MPϩ]). Among them we selected those with asymptomatic carotid stenosis, enlisted to undergo carotid endarterectomy for extracranial high-grade (Ͼ70%) internal carotid artery stenosis. 12 All of the subjects had a clinic systolic BP Ն140 mm Hg and/or diastolic BP Ն90 mm Hg on Ն3 visits at 1-week intervals and fulfilled all of the following inclusion criteria: no clinical or laboratory evidence of heart failure, previous stroke, valvular defects, malignant neoplasms, or secondary causes of hypertension and Ն1 valid BP measurement per hour over 24 hours during ambulatory BP monitoring. Carotid sonography was performed on a single ultrasound machine (Aloka 5500). During the observational period, dietary counseling was added to the previous therapy. The study was approved by the ethics committee of our institution, and informed written consent was obtained for each patient.
Laboratory Analysis
Plasma glucose and serum lipids were measured by enzymatic assays in the hospital's chemistry laboratory. Urinary catecholamines (epinephrine and norepinephrine) were measured with high-pressure liquid chromatography. Separate urine samples were obtained during the morning time (6:00 AM to 10:00 AM), daytime (10:00 AM to 10:00 PM), and nighttime (10:00 PM to 6:00 AM). Samples were centrifuged at 3000 rpm for 15 minutes and urines and plasma were decanted and stored at Ϫ80°C until analysis. The 24-hour urine was collected on the same day as the ambulatory BP monitoring.
24-Hour Ambulatory BP Monitoring
After the initial screening visit, ambulatory BP monitoring was performed in all of the hypertensive patients (an expanded Methods section is available in a data supplement available online at http://hyper.ahajournals.org). The MBPS peak was defined as a rise in systolic BP Ն50 mm Hg and/or diastolic BP Ն22 mm Hg (90th percentile of normotensive patients) during the early morning (6:00 AM to 10:00 AM), arbitrarily defined as the morning period, obtained from the mean of BP during the first 2 hours after waking (8 BP readings) minus the mean BP during the night (as the average BP of 3 readings centered on the lowest nighttime reading). The normal values (meanϮSD) of the MBPS peak obtained from 14 normotensive patients 67Ϯ6 years of age were as follows: systolic, 19Ϯ6 mm Hg, and diastolic, 10Ϯ5 mm Hg. 13 Subjects without an MBPS peak were defined as the MPϪ group and the others as the MPϩ group. Subjects with a nocturnal reduction of systolic and/or diastolic BP Ն10% were defined as dippers and the others as nondippers. Nighttime workers and subjects going to bed later than 1:00 AM were excluded from the study. The 28 MPϩ hypertensive patients enrolled in the study were compared with 32 MPϪ hypertensive patients matched for age, sex, and body mass index before the carotid endarterectomy.
Atherectomy Specimens
After surgery, the specimens were cut perpendicular to the long axis into 2 halves. The first half was frozen in liquid nitrogen for the following ELISA analysis. A portion of the other half specimen was immediately immersion fixed in 10% buffered formalin. Sections were serially cut at 5 m, mounted on lysine-coated slides, and stained with hematoxylin/eosin and with the trichrome method. Carotid artery specimens were analyzed by light microscopy.
Immunohistochemistry
After the surgical procedure, samples were immediately frozen in isopentane and cooled in liquid nitrogen. Similar regions of the plaque were analyzed. Serial sections were incubated with specific antibodies anti-ubiquitin, anti-proteasome 20S, antibodies ␣-smooth muscle actin, anti-human leukocyte antigen (HLA)-DR locus, anti-CD68, and anti-CD3 (Dako); anti-IkB-␤ and anti-matrix metalloproteinase (MMP)-9 (Santa Cruz); anti-tumor necrosis factor (TNF)-␣ (R&D). Specific antibodies that selectively recognize the activated form of nuclear factor-kB (p65 and p50 subunits, Santa Cruz) were used. Analysis of immunohistochemistry was performed with a personal computer-based quantitative 24-bit color image analysis system (IM500, Leica Microsystem AG).
Sirius Red Staining for Collagen Content
After dehydration, the sections were observed under polarized light after being placed on coverslips. The sections were photographed with identical exposure settings for each section.
Biochemical Plaque Assays
Plaques were lysed and centrifuged for 10 minutes at 10 000g at 4°C. After centrifugation, 20 g of each sample were loaded, electrophoresed in polyacrylamide gel, and electroblotted onto a nitrocellulose membrane. Each determination was repeated Ն3 times. Ubiquitin, IkB-␤, MMP-9, TNF-␣, and nitrotyrosine levels were quantified in plaques using a specific ELISA kits (Santa Cruz, R&D Systems, and Imgenex). Nuclear extracts from plaque specimens were obtained as described by Ohlsson et al. 14 We used a specific antibody that selectively recognizes the activated form of the NF-B p65 and p50 subunits. NF-B binding to B sites was assessed using the Trans-AM NF-B p65 and p50 transcription factor assay kits (Active Motif Europe, Rixensart). For the quantitative measurement of the proteasome-20S activity, a specific SDS-activation kit (Boston Biochem) was used. Nitrotyrosine was assayed into the plaque tissue with a kit supplied by Hycult Biotech.
Macrophages Extraction From Atherosclerotic Plaques
Macrophages were selectively extracted from plaques as described by de Vries et al. 15 Biochemical assays on cell homogenates for ubiquitin and proteasome 20S determinations were performed as illustrated earlier.
Measurement of O 2
؊
Production of O 2
Ϫ was measured as the superoxide dismutaseinhibitable reduction of cytochrome c, as described previously. 9
Isolation and Culture of Blood Monocytes
Peripheral blood monocytes from 20 MPϩ and 20 MPϪ patients were purified and cultured as described previously 9 (see the online data supplement).
Statistical Analysis
Data are presented as meanϮSD. Continuous variables were compared among the groups of patients with 1-way ANOVA for normally distributed data and Kruskal-Wallis test for nonnormally distributed data. When differences were found among the groups, Bonferroni correction was used to make pairwise comparisons. Multivariate regression analysis tested the independent association
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and contribution of changes in MBPS and norepinephrine and epinephrine urinary output in the morning period with the dependent variables (indexes of plaque components). PՅ0.05 was considered statistically significant. All of the calculations were performed using the computer program SPSS 12.
Results
Preoperative Characteristics of the Patients
Anthropometric characteristics, routine blood chemical analyses, sleep duration, and clinic BP were similar in all of the patients (an expanded Results section and Table S1 are available in the online data supplement). The percentage of carotid diameter reduction, risk factors, and concomitant nonantihypertensive therapy did not differ among the groups (data supplement, Table S1 ). BP rose steeply after waking up in both groups; however, patients of the MPϩ group had a significant increase in both systolic and diastolic BP compared with the MPϪ group (PϽ0.01) during the whole morning period. The daytime and nighttime profile did not significantly differ between the 2 groups (Table) ; there were 18% nondippers in the MPϩ groups and 19% in the MPϪ group (P value was not significant). In the MPϪ patients, catecholamine urinary output was significantly lower (PϽ0.02) during the morning period compared with MPϩ patients (Table), whereas diurnal and nocturnal catecholamine output was not different (Table) . Higher levels and higher staining of nitrotyrosine were found in MPϩ plaques as compared with MPϪ plaques (PϽ0.001; Figure 1 ). A similar pattern was found for O 2 Ϫ production (MPϩ: 7.11Ϯ1.3 pmol/L; MPϪ: 2.56Ϯ1.28 pmol/L; PϽ0.01). Notably, oxidative stress was strongly dependent from morning BP increase, as also reflected by the statistically significant correlation between both systolic and diastolic BP increase and nitrotyrosine concentrations (rϭ0.58 and rϭ0.46, respectively; PϽ0.001).
Ubiquitin-Proteasome Activity in the Plaque: Does MBPS Increase Modulate Ubiquitin-Proteasome Activity in the Plaque via Oxidative Stress?
Immunohistochemistry revealed higher staining of ubiquitin and proteasome-20S in MPϩ as compared with MPϪ inflammatory cells (PϽ0.01). A similar pattern of response was seen for ubiquitin plaque levels (PϽ0.001) and proteasome 20S plaque activity (PϽ0.001; Figure 2) . Notably, both ubiquitin levels and proteasome-20S activity were positively correlated with plaque nitrotyrosine (rϭ0.49 and rϭ0.43, respectively; PϽ0.001) and both systolic (rϭ0.38 and rϭ0.36, respectively; PϽ0.01) and diastolic morning BP increase (rϭ0.44 and rϭ0.37, respectively; PϽ0.005).
Ubiquitin and Proteasome 20S in Macrophages Extracted From Plaques
To identify whether the higher ubiquitin-proteasome levels observed in MPϩ were produced by macrophages, we repeated 
Inflammation in the Plaque: Does MBPS Increase Upregulate NF-B Activity in the Plaque via UPS?
NF-B activation, as reflected by the selective analysis of activated form of both p50 and p65, was significantly higher in MPϩ plaques (PϽ0.01) as compared with MPϪ plaques. Immunohistochemistry and quantitative analyses revealed lower staining and levels for IkB-␤ in MPϩ as compared with MPϪ plaques (PϽ0.001; Figure 3 ). Both immunohistochemistry and ELISA revealed markedly higher staining and levels of TNF-␣ in MPϩ that in the MPϪ lesions (PϽ0.001).
In Vitro Study
Higher levels of ubiquitin, p50, p65, and O 2 Ϫ production, as well as higher proteasome 20S along with a lesser IkB-␤ levels, were evidenced in peripheral blood monocytes from 20 MPϩ patients compared with monocytes from MPϪ patients (PϽ0.01). Levels of proteasome 20S, p50, and p65 levels and O 2 Ϫ production were significantly lower in monocytes from MPϩ patients incubated with than in MPϩ patient monocytes incubated without MG132 (p50, PϽ0.01; p65, PϽ0.01), whereas IkB-␤ was significantly higher in the MPϩ group monocytes incubated with MG132 than in monocytes incubated without it (PϽ0.01). Although ubiquitin levels were higher in monocytes incubated with MG132, there was not a statistically significant difference among the groups (Pϭ0.3; data supplement, Figure S1 ).
Discussion
In the present report, we show evidence that MBPS increases are associated with an unstable plaque phenotype, suggesting 
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that surges of BP after arising convey a more relevant risk for cardiovascular events. As for the background for this association, we provide evidence for the functional involvement of UPS in the NF-B-dependent inflammation upregulation in human atherosclerotic plaque of hypertensive patients with morning BP peak. In particular, the present findings are the first, to the best of our knowledge, to do the following: (1) clearly identify differences for ubiquitin-proteasome activity in MPϩ versus MPϪ human atherosclerotic plaques; (2) recognize the oxidative stress and the inflammatory upregulation, as evidenced by the higher levels nitrotyrosine, as well as higher NF-B-dependent TNF-␣ levels, in MPϩ versus MPϪ asymptomatic plaques; and (3) relate the presence of ubiquitin-proteasome overactivity to higher MMP-9 levels along with a lesser interstitial collagen content, as well as a lesser VSMC content. These alterations might increase the risk of future acute ischemic events precipitated by inflammatory-dependent rupture of atherosclerotic plaques.
Because an epidemiological study suggests that both ischemic and hemorrhagic strokes showed a greater tendency to cluster in the morning period in the MPϩ group than in the MPϪ group, 4 it is reasonable to suppose that an excessive MBPS increase might trigger strokes through some hemodynamic mechanism, such as increased shear stress, that, in turn, may activate the molecular pathway favoring plaque instability, such as increased oxidative stress, ubiquitin proteasome activity, and inflammation, on the atherosclerotic vessels. In lights of such evidence, the observation that plaques from MPϩ patients had higher nitrotyrosine and TNF-␣ levels along with a lesser interstitial collagen content and a lesser VSMC content compared with plaques in MPϪ patients suggests that surges of BP after arising may influence the plaque progression toward instability. As for the background for this association, the present study provides the evidence of an association among MBPS peak, higher oxidative stress, and inflammatory markers, as well as morning sympathetic overactivity. Although a direct link between MBPS peak and acute cardiovascular events has not yet been established, it might be hypothesized that morning sympathetic overactivity influencing the surge in BP and oxidative stress may be a factor predisposing to vulnerable atherosclerotic plaques via an increase of UPS overactivity.
A previous study 9 has reported enhanced ubiquitinproteasome expression in unstable carotid plaques. However, the study did not provide any evidence about ubiquitin-proteasome expression in subgroups of high-risk plaques, such as those found in hypertensive patients with higher MBPS. In our study, macrophages, T-lymphocytes, and HDLA-DRϩ inflammatory cells were more abundant in MPϩ plaques and represented the major source of ubiquitin-proteasome activity, suggesting the presence of an active inflammatory reaction in MPϩ plaques. Concomitantly higher expression of ubiquitin and proteasome was found in human plaque macrophages obtained from the carotid lesions of MPϩ patients compared with specimens obtained from MPϪ patients. In agreement with the difference in the ubiquitin-proteasome staining pattern, the histological milieu of the lesions appears different with regard to cellularity but not in the degree of vessel stenosis, suggesting that MPϩ and MPϪ lesions are only different with regard to inflammatory burden. Hence, the differences in plaque behavior likely stem from differences in the presence of stimuli (ie, oxidative stress, as evidenced by high nitrotyrosine levels and high O 2 Ϫ production) for selective expression of ubiquitin proteasome, capable of disrupting plaque stability via NF-B induction.
NF-B is normally bound to IkB in the cytosol; this binding prevents its movement into the nucleus. 16 Various cellular stimuli, such as oxidative stress, induce ubiquitination of phosphorylated IkBs and subsequent degradation by the proteasome. 17 Degradation of IkBs results in unmasking of the nuclear localization signal of NF-B dimers, which subsequently translocates to the nucleus, where it induces the transcription of proinflammatory cytokines, like TNF-␣, that play a central role in plaque instability progression. 18 Our findings also suggest that the morning BP increase may induce phosphorylation and degradation of IkBs via the ubiquitin-proteasome overactivity, thus enhancing NF-B activation. According to the response-to-injury theory, 19 plaque progression may be linked to an inflammatory-proliferative response to an injurious stimulus, constituted by morning BP-dependent shear stress that increases the oxidative stress. Previous reports evidenced the involvement of the UPS in NF-B activation, particularly under conditions of aggravated oxidative stress. Oxidative stress is the common factor underlying sympathetic overactivity, MBPS increases, and cardiovascular events and may explain the presence of inflammation in all of these conditions. 20 Although it is well recognized that inflammation is 1 manifestation of oxidative stress, and the pathways that generate the mediators of inflammation are all induced by oxidative stress, 21 the mech- 
anism by which oxidative stress may be involved in the inflammatory process of MPϩ plaques is not fully clarified.
In this context, our data suggest a mechanism by which oxidative stress, increasing ubiquitin-proteasome activity, may mediate inflammatory activity in MPϩ atherosclerotic plaques. Of note, it has been shown that oxidative stress can stimulate the ubiquitin system in macrophages by inducing the expression of components of its enzymatic machinery, such as ubiquitin-binding proteins. 10 Accordingly, in cultured monocytes from MPϩ patients, we evidenced that O2 Ϫ production, as well as ubiquitin-proteasome activity and NF-B levels, were significantly higher when compared with MPϪ patients. Thus, we can speculate that increased ubiquitin-proteasome activity in plaque macrophage as a consequence of oxidative stress overexpression may enhance the synthesis of NF-B in the same cell, possibly representing a crucial step in the pathophysiology of plaque instability. Because of the study design, we cannot exclude whether the ubiquitin-proteasome dysregulation also may influence the atherosclerosis process through other pathways, such as apoptosis. 22 However, the concomitant presence of higher levels of ubiquitin, proteasome 20S, and NF-B in cultured monocytes of MPϩ patients suggests that the ubiquitinproteasome pathway may have a proinflammatory effect in MPϩ lesions. Thus, we can speculate that increased ubiquitin-proteasome activity in plaque macrophage as a consequence of oxidative stress overexpression may enhance the synthesis of NF-B in the same cell, possibly representing a crucial step in the pathophysiology of MPϩ plaque instability. However, higher expression of ubiquitin proteasome and MMP-9 in MPϩ lesions, 1 of the most important enzymes in the process of atherosclerotic plaque rupture, 23 along with a lesser interstitial collagen content, suggests an involvement of the UPS in instability of the MPϩ lesion by increasing plaque erosion.
In conclusion, this study demonstrates the enhanced ubiquitin-proteasome activity in atherosclerotic lesions of MPϩ patients and provides evidence that the activation of this system in inflammatory cells is associated with a NF-Bdependent increase in inflammation. The increased ubiquitinproteasome activity in response to oxidative stress, strictly related to MBPS, may interfere with plaque progression toward instability. Whether this plays a role in the poor prognosis of the MPϩ patients awaits further elucidations. For the relatively small patient number of our study and the highly selected elderly patients scheduled for carotid endarterectomy, the results of this study should not be extrapolated to other patient groups. Further research in a larger sample of hypertensive patients is needed to confirm the applicability of our new findings.
Perspectives
Because epidemiological data 24, 25 have raised the possibility that MBPS may be an important and modifiable risk factor for poor outcome, these findings are potentially important from a fundamental standpoint, because they identify a mechanism by which MBPS may influence the evolution of atherosclerotic plaques. From a practical standpoint, these findings support the hypothesis that control of excessive MBPS excursions may provide clinical benefit in hypertensive patients.
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